Summary. The lipolytic effect of norepinephrine (NE) in adipose tissue in vitro was studied before and after exercise in non-fasted rats with severe, untreated streptozotocin diabetes. It was observed that: 1. NE in increasing concentrations stimulated glycerol release in vitro to an equal extent from the adipose tissue of nondiabetic and diabetic rats. However, the re-esterification of free fatty acids (FFA) in adipose tissue in vitro was decreased by NE in diabetic rats as compared to normal rats. 2. During exercise NE further decreased the re-esterification of FFA in vitro in adipose tissue of diabetic rats. 3. Exercise did not change NE-induced glycerol release in vitro in the adipose tissue of diabetic rats. 4. In diabetic animals the increase in plasma glycerol and FFA during exercise was correlated inversely with the NE-induced release of glycerol and FFA from the adipose tissue of the same animals after exercise. The lipolytic effect of NE is not significantly different in adipose tissue of diabetic and nondiabetic rats. By decreasing the re-esterification of FFA in vitro, NE is probably responsible for the observed increase in the release of FFA in vivo, a likely energy source in severely diabetic animals.
In untreated diabetic patients exercise induces a higher rise in plasma catecholamines [6, 7] and a more intense lipid mobilization [5, 13] than in nondiabetic subjects.The increased lipolysis in diabetic adipose tissue is at least partly due to the high level of circulating catecholamines [6] . Adequate insulin treatment decreases plasma catecholamines [6, 7] and lipolysis [5] during exercise.
It is hitherto unresolved whether the enhanced lipolysis in diabetes induced by exercise is due to lack of insulin and the associated rise in lipolytic hormones or whether exercise alters the sensitivity of diabetic adipose tissue to lipolytic hormones, e.g. to catecholamines. We have accordingly studied, in diabetic animals, the norepinephrine (NE)-induced release of glycerol and free fatty acids (FFA) in vitro before and after exercise and lipid mobilization in vivo during exercise.
Materials and Methods

Rats
Male Sprague-Dawley rats, weighing 300 to 350 g were used. Streptozotocin (Upjohn & Co., lot 968L-GGS-118FJ) was freshly prepared in 0,1 molar citrate buffer, pH 4,5, and injected intravenously into fed animals in a dose of 65 mg/kg body weight. The rats were fed a normal commercial chow Iad libitum until the experiment, which started 42-48 h after the administration of streptozotocin. During this time the weight loss of untreated diabetic animals was 30 + 3 g (mean + SEM; n = 32), whereas control animals gained weight 9 + 2 g (n = 31).
Experimental Design
Norepinephrine dose response of adipose tissue lipolysis in vitro was studied in 12 control and 12 diabetic rats. Animals were killed and epididymal fat pads were immediately removed and placed into incubation medium, which was Krebs-Ringer bicarbonate buffer containing 3 g/]00 ml of bovine serum albumin (Armour, Fraction V) and increasing concentrations of norepinephrine (0, 0.05, 0.1, 1.0 or 10.0 ~tg/ml). Each pad was then divided into eight parts of approximately equal size and these were weighed. The pieces were placed into flasks which were equilibrated with 95% 02-5% CO2 during the five minutes of preincubation and during the first five minutes of incubation.
The effect of exercise on lipolysis in vivo and in vitro was studied in 21 control and 20 diabetic rats, which were each divided into two groups. Animals of one group were killed while at rest, whereas the rats of the other group were forced to run for 30 rain in a rotating cage and killed immediately afterwards. Epididymal fat pads were rapidly removed, divided into four parts, weighed and incubated in the presence or absence of norepinephrine (1.0 ~tg/ml) as described above.
An aliquot of the medium for the determination of glycerol [10] and FFA [14] was taken after the preincubation period (zero time reading) and at the end of the incubation. After the preincubation period the media of diabetic and control adipose tissue contained glucose 0.3 + 0.1 mg/100 ml (mean + SEM) and 0.2 + 0.1 mg/100 ml, respectively. Glucose was apparently liberated from the blood remaining in the adipose tissue. Before the rats were killed and epididymal fat removed, specimens for the determination of blood glucose [8] , plasma glycerol and plasma FFA were drawn from the retro-orbital venous plexus of rats lightly anaesthetized with ether. The medium and the plasma specimens were kept at -20~ until analyzed.
The re-esterification of FFA was calculated by using the following formula, which is based on the assumption that glycerol was not reutilized for esterification:
X 100 [glycerol release X 3] where, (glycerol release x 3) = pmol of FFA originating from complete lipolysis, (FFA release) = ~tmol of FFA released into the medium, (glycerol release x 3) -(FFA release) = the amount of FFA re-esterified [11] .
Results
I. Norepinephrine Dose Response
The diabetic animals had significantly higher blood glucose (342 _+ 22 vs 89 + 4 rag/100 ml, mean + SEM), plasma glycerol (0.20 + 0.04 vs 0.09 + 0.01 mM) and FFA (1.13 _+ 0.12 vs 0.41 ' _+ 0.04 mM) levels than the control rats.
Release of Glycerol
The basal release of glycerol was higher from the adipose tissue of diabetic rats (t7 < 0.001), but the norepinephrine dose response curves were parallel in both groups (Fig. 1) .
Release of FFA. The basal net release of FFA from the adipose tissue of diabetic rats was elevated as compared to normal, p < 0.001 (Fig. 1) . The difference was further increased by norepinephrine at con- 
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Ig/h -- streptozotocin-diabetic rats. The number of animals was the same in both groups and is given in brackets centrations 0.05 and 0.1 ~g/ml ( Fig. 1 ). At these two concentrations the FFA re-esterification was impaired in diabetic adipose tissue as compared to normal (Table 1 ).
I1. Exercise
The blood glucose, glycerol and FFA levels of rats subjected to exercise are given in Table 2 . During exercise blood glucose increased in nondiabetic animals, but did not change in diabetic rats. Plasma glycerol increased in both groups, but circulating FFA rose only in control animals. In control and diabetic rats killed without exercise blood glucose, (92 + 5 and 378 + 38 mg/100 ml), glycerol (0.07 + 0.01 and 0.11 + 0.01 mM) and FFA (0.26 + 0.03 and 0.55 + 0.03 mM) were, except for FFA in controls, similar to the pre-exercise values of rats subjected to exercise. Significance In diabetic animals there was a highly significant negative correlation between the NE-induced rise in glycerol release in vitro after exercise and the rise in plasma glycerol in the same animals during exercise (Fig. 3), (r = -0.94, p < 0.001) . In the control group no such correlation was found (r = + 0.08).
Release of Glycerol Exercise did not influence the
Release of FFA. Exercise did not diminish the total net release of FFA in vitro from adipose tissue of diabetic animals (Figs. 4a and b) , although the release of glycerol had decreased during exercise. The reesterification index of FFA decreased significantly during exercise in diabetic, but not in normal, adipose tissue incubated with NE (Fig. 5) . The re-esterification of FFA remained unchanged during exercise in both groups, when adipose tissue was incubated without NE.
In diabetic animals the NE-induced release of FFA in vitro after exercise correlated inversely with the change in plasma FFA during exercise (r = -0.85, p < 0.001) (Fig. 6) . In control rats no such correlation was found (r = +0.12). 
Discussion
In the present experiments NE induced a similar glycerol release from adipose tissue of both diabetic and nondiabetic rats. The result is in agreement with that of Berger, who found that the lipolytic response to NE is similar in adipose tissue of human diabetic and nondiabetic subjects [1] .
According to the data of glucose uptake into adipose tissue presented by Cahill et al. [4] and Ostman [15] the glucose concentration of 0.2-0.3 mg/100 ml in our media should be high enough, t~gether with the small stores of glycogen in the tissue [12] , for the formation of a-glycerophosphate, and the re-esterification of FFA can occur in vitro.
The higher net release of FFA in vitro from the adipose tissue of diabetic rats was evidently not caused by increased lipolysis, but was accounted for by an impaired re-esterification of FFA induced by NE. Zapf et al. have recently reported that NE induced greater lipolysis and mobilization of FFA in the adipose tissue of diabetic than control rats [19] . This discrepancy between their and our results could be partly explained by our finding of decreased FFA re-esterification due to NE.
In our study exercise did not alter the sensitivity of diabetic adipose tissue to NE in vitro. This finding suggests that the high lipolytic rate of diabetic adipose tissue is not due to basal or exercise-induced greater sensitivity of the tissue to NE. Accentuated lipolysis might be related to an excessive response of several lipolytic hormones to exercise during insulin deficiency.
Diabetic animals showed a high-grade inverse correlation a) between the rise in plasma glycerol during exercise and NE-induced glycerol release in vitro after exercise, and also b) between the change in plasma FFA during exercise and the NE-induced net release of FFA in vitro after exercise. These observations could be explained by assuming that when more beta receptors, which mediate the lipolytic effect of catecholamines on fat cells [3] , were occupied by high levels of circulating catecholamines during exercise [2, 6, 7] , the binding of NE added in vitro was decreased.
In nondiabetic rats Lefebvre et aL showed a slight decrease in FFA re-esterification after 30 rain exercise [11] . Our results in normal rats confirm this finding. In diabetic rats, however, the re-esterification of FFA in vitro was clearly decreased by NE during exercise. The finding of impaired FFA re-esterification by NE offers a new aspect in energy production in diabetes. Besides the fact that NE inhibits insulin secretion [16] , stimulates lipolysis and hepatic glycogenolysis [18] and increases glucagon secretion [17] , all effects which promote energy mobilization, NE also decreases FFA re-esterification at rest and further during exercise in insulin deficient animals, which use predominantly FFA as energy for muscular work [9] .
